This study aimed to describe the behaviour of Podolian breed, a semiwild cattle breed kept in a natural environment (as either a small group of young bulls or cows within a family herd), and the interaction of these animals with the environment in terms of ingestion from natural pastures. Diurnal grazing behavioural pattern was monitored through continuous focal animal recording method. The activity budget of free-ranging animals was characterized by high locomotor and feeding activities. They exhibited a high degree of adaptability to the local phytocoenosis with high levels of ferns' and tree foliage intakes performed by cows and the selection of a diet more nutritious than pasture performed by young bulls. These results along with the low levels of agonistic interactions recorded in the two experiments suggest that extensive systems based on grazing allow social stability and provide a natural environment for the expression of cattle species-specific behaviour.
Introduction
The Podolian breed is a native breed traditionally kept on pastures in Southern Italy. It has been subjected to a lower selective pressure (artificial insemination has been rarely used) and a higher natural selection (animals kept in natural environments, where food search, avoidance of predators, maternal care, etc. were essential) as compared to other breeds, so that it can be still considered a semiwild population [1] .
Natural pastures provide an environment where animals can express their own natural behaviour. Apart from wild ancestors, which for cattle are extinct, and few examples of feral populations (e.g., [2] ), domestic herds kept in natural environments represent the main source of information about natural behaviour. In addition, pasture-based farming can eliminate the concentration of manure, reduce the competition with humans in terms of food, increase animal welfare, and be perceived by citizens as ethically sound [1, 3] .
However, herbage production from natural pastures located in less favoured areas, where Podolian cattle are usually kept, is characterized by being unevenly distributed throughout the year. These areas are also characterized by being upland and with soils of low fertility. Therefore, the fitness of grazing animals depends on their ability to ingest a diet adequate to meet their nutrient requirements for maintenance, growth, and reproduction. This in turn is regulated by a series of short-term decisions made by the animal about which plants to select and how long to search between bites. Long term decisions concern the length of time to spend feeding and where to feed, given topographic influences on energy expenditure and distance travelled between foraging sites, water, and shelter. This suite of decision-making processes is defined as the "foraging strategy of the animal" [4] .
The availability and quality of forage for grazing ruminants in the Mediterranean areas changes spatially and seasonally [5] . Crude protein concentrations decline and fibre levels increase as herbaceous plants tend to become senescent in the course of the hot dry season [6] , whereas the availability of herbage mass is the lowest in winter. Intake of any plants seems to be influenced by their digestibility, physical characteristics, accessibility, and palatability [7, 8] . The accessibility of any pasture component depends upon its height, density, and position in the sward relative to other components [9, 10] . Palatability depends on the interrelationship between a feed's taste and its postingestive feedback, which is determined by an animal's physiological state and food's chemical characteristics [11] [12] [13] . Animals discriminate among foods using taste, odour, and sight, which are source of hedonic sensations [13, 14] . They acquire preferences for nutritious foods and dislike foods with low nutrient content or high toxin levels [12, 13, 15] .
Understanding livestock behaviour, including social relationship, in relation to varying environmental conditions and forage dynamics is fundamental in designing strategies for extensive livestock management.
Therefore, this study aims to describe the behaviour of a semiwild cattle breed kept in a natural environment (as either a small group of young bulls or cows within a family herd) and the interaction of these animals with the environment in terms of ingestion from natural pastures. .76 E), where the mean annual rainfall is below 600 mm, six Podolian young bulls ( Figure 1 ) were allowed to graze on a Figure 3 natural fenced pasture of 18 ha of grassland and 2 ha of shrub vegetation. Animals were aged about 11 months at the start of the experiment (339.83 ± 10.00 d) and were kept on pasture for the entire finishing period.
Material and Methods
Grass availability (DM/ha) was measured monthly using fifteen iron-fenced net boxes (1.5 × 1.5 m, 1 m height) (Figure 2) , randomly placed on grazing area [16] . Herbage was harvested at ground level from three 1 × 1 m areas placed into boxes (Figure 3 ). The total herbage mass was weighted and subsampled to evaluate dry matter and chemical composition and to estimate the botanical composition (grass, legumes, composites, and others).
Two observers carried out both the habituation procedure and the observations. The observers spent several days with the experimental animals in order to accustom the groups to their presence. The success of the habituation was measured in terms of the distance the animals kept from the observers. The habituation procedure ended when the observer was able to move around at a distance of approximately 0.5-1.5 m. Behavioural observations were performed in nine sessions through continuous focal animal recording method (i.e., observing one individual for a specified amount of time and recording all instances of its behaviours) [17] . Observers were balanced across time of the day. Sixhour period of continuous observations was alternatively conducted from 06:00 to 12:00 and from 12:00 to 18:00 h. In each session, a different animal was chosen. Therefore, all the animals were included in the observations, whereas three animals were sampled twice.
The duration (accuracy: 1 s) of the observed behaviours was recorded. The nine behavioural observations were divided into two seasons: spring (mid-February-mid-June: 5 recordings) and summer (mid-June-August: 4 recordings). The following parameters were recorded: posture (standing or lying) and activity such as grazing (biting or chewing the herbage and walking with muzzle close to the ground), walking, resting (opened or closed eyes, but no other overt activity), ruminating, and alertness, whereas all other behaviours (e.g., drinking, vocalization, self-grooming) were recorded as "other." The proportion of time spent on each behaviour was calculated for each observation session. In addition, behaviours such as self-grooming, licking objects, vocalization, and agonistic (pushing, butting, or threatening cospecifics) and nonagonistic interactions (sniffing, horning or nuzzling cospecifics) were recorded as number of events. The distance covered during the observation session was recorded by means of pedometers worn by the observers.
During the 6-hour period, every hour, the number of bites and bite rate (number of bites per grazing minute) were recorded (using a mechanical counter) along with herbage height by means of a herb meter. A bite was defined as the tearing sound that occurred when the forage was severed from the sward. Only prehension bites were counted [18] . Bite mass, chemical composition, and botanical preferences were determined in hand-plucked samples [19] of herbage to simulate the herbage grazed by the animals (15 simulated plucks/h). This procedure also allowed estimating the intake rate (bite mass × bite rate).
Data were analyzed with SAS software [20] . Behavioural data were analyzed using the observation session as the experimental unit. Data on ingestion were analysed using the animal as experimental unit. Both data were subjected to ANOVA with season (spring and summer) as factor. Chemical and botanical compositions of pasture and hand-plucked samples were analyzed using ANOVA with season, source (pasture and hand plucking), and their interactions as factors and the animal as the experimental unit. , where the herd is moved according to the seasonal transhumant routine (consisting of a seasonal displacement of the herd, upland in summer and lowland in winter, in order to find more abundant high-quality grass) and kept from June to November. The pasture was a Mediterranean maquis [21] of 500 ha separated in 25 fenced areas with a prevalence of Graminaceae (Arrhenatherum elatius L., Dactylis glomerata L., Festuca arundinacea, Phleum pratense, Lolium spp.), Leguminosae (Lotus corniculatus, Trifolium spp.), Asteraceae (Achillea millefolium, Carduus spp.), Hypolepidaceae (Pteridium spp.), Rosaceae (Potentilla, Rosa Canina), and Fagaceae (Fagus spp., Quercus spp.). At ten-day intervals animals were moved to a different fenced area.
Experiment 2. The experiment was conducted from
Grazing behaviour was monitored on 28 Podolian (14 suckling and 14 nonsuckling) cows (from 4 to 12 years of age). They were part of a herd including a total number of 240 animals from three different breeds (Podolian, Chianina, and Romagnola). These animals grazed from 6.00 to 20.00 and were recovered in a fenced yard during the night. Suckling cows were always with their calves aged 4-5 months (Figure 4 ).
Behavioural observations were performed in ten sessions through continuous focal animal recording method [17] by two observers. Nine-hour period of continuous observations was conducted from 07:00 to 19:00.
The duration (accuracy: 1 s) of the observed behaviours was recorded. Behavioural categories were the same as described for Podolian young bulls with the addition of maternal care. The proportion of time spent on each behaviour was calculated for each observation session. The variables recorded as number of events were as described for young bulls, with the addition of suckling and calf grooming. The distance covered during the observation session was recorded by means of pedometer.
During the 9-h period, 1 minute every hour, bite rate (number of bites per grazing minute) was continuously recorded using a mechanical counter. Bite mass and botanical preferences were determined in hand-plucked samples [19] of herbage to simulate the herbage grazed by the animals (15 simulated plucks/h). This procedure allowed to estimate intake rate (bite mass × bite rate). Botanical and chemical compositions of hand-plucked samples were determined as previously described for Podolian young bulls.
Behavioural data related to time budget and number of events were analyzed using the observation session as the experimental unit. These data were subjected to ANOVA with the presence of calf and season (summer and autumn) and their interaction as factors. Data concerning suckling and calf grooming were subjected to the analysis of variance with season as factor.
Results and Discussion

Experiment 1
Time Budget and Social Behaviour.
The distance covered by Podolian young bulls in two seasons is reported in Table 1 . It was similar to that observed by Krohn et al. [22] in dairy cows kept in extensive environment (1.7 km), but higher than that covered by dairy cows (0.6 km) kept in loose housing systems [23] . In addition, the mean distance travelled was, albeit not significantly, lower in summer as compared with spring. Accordingly, in response to high ambient temperature (34 versus 15
• C), walking (P < .001) and standing (P < .05) were lower in summer, whereas inactivity was higher (P < .05). Dumont et al. [24] observed that daily distance walked by cattle either increased or remained relatively constant over the grazing season for animals at a low stocking rate, which suggests that they keep on exploring the grazing area. Other authors report that extensively grazed cattle [25] maintain their selective effort late in the season when the proportion of reproductive and senescent material in the sward had increased. However, these results are not necessarily in contrast, as the supplementation (2 to 4 kg of oat, barley, and field bean flour) given to the grazing animals in this study can have reduced the motivation to explore and ingest material of poor quality from pasture. In general, cattle allowed to graze are perceived as animals with higher welfare standards because they can express natural behaviours, such as grazing and exploration [26] . Alertness tended to be higher in spring than in summer (P < .10), as a possible consequence of the higher foraging activity, during which animals are more vulnerable to attacks from potential predators [27] . Podolian young bulls showed low agonistic ( Figure 5 ) and nonagonistic interactions (Table 2) , as possible consequences of reduced competition for resources (food, water, resting areas, etc.) and increased attention to the environment [28] . A lower number of nonagonistic social interactions, such as sniffing and rubbing, have been also observed by Krohn [29] in extensively kept dairy cows as compared with animals in intensive systems. Competition for resources as well as inadequate housing design is an important causal factor that may induce and increase social tension and agonistic behaviours [30] . Our results are in agreement with those obtained in early studies on cattle behaviour [29, 31] . According to Bouissou and Boissy [32] , adult cattle show less agonistic interactions when they are on pasture. The mean number of agonistic events recorded in this study is much lower than that reported in previous experiments [31, 33] , possibly because the bulls were all part of one herd since their birth, consequently their social status was well established, Figure 5 whereas agonistic interactions prominently occur in occasion of establishing the social order in dynamic groups [30] . Selfgrooming was higher in spring than in summer (P < .01). This comfort behaviour is closely related to hygiene and possibly associated to the higher rain falls and body dirtiness usually observed in this season. Vocalizations were higher in spring (P < .05). Vocal signals are used to keep contact with and locate other herd members; therefore, they were more frequently expressed in spring when animals moved more often for forage search and ingestion [34] .
Ingestive Behaviour.
In Mediterranean environments, biomass availability is much lower in summer than in spring [5, 28] , although, in this study, differences were not significant due to the high variability of samples. As to botanical composition, season significantly affected percent grasses, which were lower in summer (P < .01), and composites (P < .05), which increased in summer. In agreement with Hessle et al. [35] , in both pasture and hand-plucked samples, chemical composition was affected by season. In particular, dry matter (P < .001), crude fibre (P < .01), and NDF (P < .05) increased during summer as compared with spring, whereas crude protein (CP; P < .05) and ash (P < .05) percentages and meat feed units (MFU: net energy content of one kg of standard barley for meat production, corresponding to 1820 kcal) decreased (P < .01).
The botanical composition of pasture and hand-plucked samples was similar (Table 3) . However, the diet selected by the animals, as assessed by hand plucking, was higher in CP percentages in comparison with pasture samples (12.17 ± 0.87% versus 7.11 ± 0.93%, resp.; P < .01) and tended to have higher MFU values (0.63 ± 0.02 MFU/kg DM versus 0.58 ± 0.02 MFU/kg DM; P < .10). This may be ascribed to the "foraging strategy" of the animal [19] . According to this theory, grazing herbivores make a series of short-term decisions (e.g., about which plants or plant portions to select and how long to search) in order to ingest a diet adequate to satisfy their nutrient requirements for maintenance, growth and reproduction [4, 24] .
The ingestive behaviour variables of Podolian young bulls are reported in Table 4 . While foraging, an animal takes a series of bites varying in size from the herbage on offer. Combination of bite size and short-term rate of biting is defined as the short-term intake rate. These variables are related, as larger bite sizes need more time for processing and swallowing. Usually ruminants prefer plants with faster ingestion [8] . In this experiment, bite rate resulted in being higher (P < .01) in spring than in summer. Similarly, Lamoot et al. [36] reported that bite rate of cattle was the highest in spring than in the other seasons, probably because, in this period plant growth starts and provides the herbivores with high quality forage. In our study, crude fibre and NDF percentages were lower in spring. Therefore, seasonal changes in forage quality parameters were reflected in adaptations of ingestive behaviour. No significant differences between the seasons were observed for bite mass. Therefore, as a consequence of a higher bite rate during spring, intake rate was higher in spring than in summer (P < .05). Cattle usually exhibit very typical selectivity patterns preferentially selecting against reproductive grass patches [24, 37] , especially as these become more mature [38] . Herbage tended to be higher in summer (P < .10). In agreement with Gibb et al. [39] and Burns and Sollenberger [40] , this variable was negatively correlated with bite rate (r = −0.60; P < .001) and positively related to bite mass (r = 0.55; P < .01). In particular, in an experiment by Boval et al. [41] , bite mass increased by 9 mg per additional cm of extended tiller length. A lower biting rate would be a consequence of greater harvested leaf length or a higher bite mass requiring more time for prehension, manipulation, and mastication [42] .
Although it is often suggested that bovids are morphologically constrained to graze on very short swards because of the lack of the upper incisors [43] , studies of patch selection by cattle within grassland reported that cattle prefer vegetative patches of medium height ( Figure 6 ) even if they could have achieved greater intakes on taller mature patches [37, 38] . Accordingly, as already reported, Podolian young bulls showed higher intake rates in spring than in summer.
Experiment 2 3.2.1. Time Budget and Social
Behaviour. No significant differences between seasons were observed (Tables 5 and  6 ). Similarly to other studies [35, 44] , Podolian cows spent most of their time on grazing activity, followed by walking, whereas less time was spent resting (Table 5) .
Grazing occupies a large amount of time in both dairy cows (about 8 hours/day) and beef cattle (about 9 hours/day) [45] . The total duration of grazing per 24 h ranges from 4 to 12 h depending on the quality and variety of the vegetation, the climate, and the competition to access grazing zones [46] [47] [48] [49] [50] . In the present study, Podolian cows always showed grazing times higher than 50%, that on 24 h basis would be higher than 12 h. However, our results are not necessarily 6 ISRN Zoology in contrast with those previously reported, as we conducted the observations during day time, when grazing activity is predominantly performed. Total daily grazing time tends to be relatively stable in order to meet animals' nutritional requirements at the circadian level [51] . Following ingestion comes rumination, which allows cattle to regurgitate, masticate, and then swallow food that they have previously ingested into the rumen. In general, standing was the posture prevailing in the three breeds with levels even higher than those previously reported (73.01%) [52] . Again, this result may be attributed to the fact that observations were not conducted during night time, when resting and lying are more often performed.
As also observed in young bulls, low levels of social interactions (agonistic interactions, allogrooming, and calf grooming) were expressed by animals permanently kept on pasture (Table 6 ).
Ingestive Behaviour.
Cattle and sheep usually exhibit typical selectivity patterns preferentially selecting bites containing legumes and forbs [53, 54] . Compared to grasses, legumes such as white clover are often associated with higher level of intake [55] . Penning et al. [56] , Baumont [57] , and Assoumaya et al. [58] suggested that forage legumes are more quickly reduced in small particles than grasses and that less time is needed to take and masticate a similar bite for clover than for grass. However, pastures in marginal areas of southern Italy are characterized by a prevalence of grasses over legumes [28] , and in this study hand-plucked samples reflected the same predominance (Table 7 ). In addition, at the end of summer and in autumn (i.e., when the experiment was conducted) grasses with erect stalks tend to cover the underlying legumes, which become less accessible to grazing animals.
In Table 7 the main features of the diet ingested by Podolian cows, as assessed by hand plucking, are reported. Podolian cows chose a high percentage of ferns, which may be toxic (e.g., Pteridium aquilinum). The prevalence of ferns in Podolian hand-plucked samples may be due to the ability of this breed to detoxify toxins of plants that appear to be more often ingested by native animals that coevolved with the vegetation than in selected breeds [59] . Tree foliage was another abundant part of Podolian cow diet, as the category "other plants" predominantly included woody plants (Figure 7 ), such as Fagus sylvatica.
Cattle feeding decisions are at least partly dictated by their will to maximize their energy balance, but, as vegetation quality is extremely variable, animals need to select specific nutrients in order to ingest a diet adequate to satisfy their nutrient requirements for maintenance, growth, and reproduction [19, 24] . In this study, Podolian cows were able to perform an efficient nutrient selection with 9.99 ± 0.62% CP and 0.68 ± 0.01 MFU/kg DM with an ingestive behaviour characterised by a bite rate (n/min), a bite mass (g DM) and an intake rate (g DM/min) of 36.63 ± 1.99, 2.29 ± 0.15, and 84.02 ± 7.32, respectively.
The activity budget of free-ranging animals was characterized by high locomotor and feeding activities. They exhibited a high degree of adaptability to the local phytocoenosis with high levels of ferns' and tree foliage intakes performed by cows and the selection of a diet more nutritious than pasture performed by young bulls. These results along with the low levels of agonistic interactions recorded in the two experiments suggest that extensive systems based on grazing provide a natural environment for the expression of cattle species-specific behaviour.
